ABSTRACT. Neutrophil functions and glucose metabolism are known to be impaired in glycogen storage disease (GSD) Ib patients. The uptake of nonmetabolizing glucose analogues into polymorphonuclear leukocytes (PMN) of GSD Ib patients was studied. 2-Deoxyglucose (2-DOG) and 3-O-methylglucose are transported across the cell membrane by facilitated diffusion mediated by the glucose transporter. Because 2-DOG is phosphorylated within the cell, its uptake rate reflects hexose transport as long as phosphorylation is not rate-limiting. These conditions prevail only at low 2-DOG concentrations. Transport of 5 jtM DOG into GSD Ib patient PMN was found to be similar to controls (4.3 ± 0.5 and 4.65 ± 1.77 pmol/min X 10 6 , respectively). In contrast, 2-DOG uptake at high concentrations (2 mM) decreased by 70% in patient PMN compared with control cells (0.17 ± 0.06 and 0.51 ± 0.11 nmol/ min x 10 6 , for patients and controls, respectively). Transport of 3-O-methylglucose (a glucose analogue that does not undergo intracellular phosphorylation) was not different in patient PMN compared with controls (1.86 ± 0.53 and 2.19 ± 0.30 nmol/min x 10 6 , respectively). Hexose monophosphate shunt activity in PMN of GSD Ib patients at a glucose concentration of 2 mM was 43% of control values, whereas at 10 fiM it was similar to controls. Taken together, these results suggest that the defect in glucose uptake and metabolism found in GSD Ib patient PMN is due to an impairment in hexose phosphorylation rather than in a reduction in the transmembrane glucose transport activity. GSD Ib (McKusick 23222) is a metabolic disease caused by a defect in the translocase for G6P in the liver microsomal membrane (1, 2). As a result, hepatic glucose-6-phosphatase in GSD
Ib patients is nonfunctional in vivo. GSD la (McKusick 23220) is caused by a deficiency of the G6Pase activity. Patients with GSD Ib are often neutropenic and prone to recurrent infections; otherwise, the clinical features of GSD Ib are indistinguishable from GSD la. There is increasing evidence of functional defects in the neutrophils of GSD Ib patients that limit their ability to destroy invading microorganisms. Defects in random and direct cell migration, extra phagocytotic respiration, chemotaxis bactericidal activity, and calcium mobilization in response to FMLP was found in the patient neutrophils (3-10, and Kilpatrick L, Garty BZ, Lunquist KF, Stanley CA, Baker L, Douglas SD, Korchak HM, personal communication) .
A decreased rate of 2-DOG uptake into PMN collected from GSD Ib patients was previously demonstrated (6, 8, 10) . 2-DOG is widely used as a nonmetabolizable glucose analogue to study the transport of hexose in various cell types. 2-DOG enters the cell by way of facilitated transport similar to glucose, and it is phosphorylated within the cell to 2-deoxyglucose-6-phosphate. The phosphorylated analogue is not metabolized further and is trapped within the cell, since it can no longer traverse the cell membrane (11-13). Thus, uptake of 2-DOG reflects transport as long as the hexokinase activity does not become rate-limiting, a condition that is obtained only at low 2-DOG concentrations (14) .
Another analogue of glucose is 3-O-MG. This analogue is transported across PMN membrane by the glucose transporter, but, unlike 2-DOG, it is not further metabolized within the cells. Therefore, it can be used for direct assessment of hexose transport across PMN cell membrane (15, 16).
Our study suggests that the defect in glucose uptake into GSD Ib neutrophils is derived from impairment in hexose phosphorylation rather than a direct alteration in transmembrane glucose transport.
MATERIALS AND METHODS
Patients. GSD Ib was diagnosed in liver biopsies by a high latency {i.e. low activity) of glucose-6-phosphatase in fresh homogenate and normal activity in disrupted microsomes (17). The six GSD Ib patients suffered from numerous infections. The clinical and therapeutic data of the patients and one GSD la patient are summarized in Table 1 . Studies of PMN were performed with preparations at an initial cell count of 600 to 1500 cells/mm 3 . Cell Preparation. PMN from patients with GSD Ib and from healthy donors were separated from heparinized venous blood by the Ficoll-Hypaque centrifugation method (6). Briefly, one volume of fresh blood was mixed with two volumes of 3% dextran in 0.85% NaCl. After one hour at 4°C, the supernatant was layered on top of Ficoll-Hypaque (Pharmacia Inc., Piscataway, NJ) at a volume ratio of 6 ml of cell suspension to 3 mL POTASHNIK ET AL. for 2-DOG. The final pellets were suspended in I mL water and boiled for 5 rnin in a water bath. Subsequently, denatured protein was removed by centrifugation. The supernatant was applied to a column of Dowex-I-C1-resin (10 cm x 1 cm) as described before ( 1 1). The column was washed with 10 mL water to elute free 2-DOG and 10 mL 0.5 mol/L HCI to remove 2-deoxyglucose-6-phosphate. Samples of 1 mL from each fraction were measured for radioactivity.
Aclivity of lhe HMP Shunt. The activity of the HMP shunt was determined by a modification of the method described by Newburgh et al. ( 18) . Briefly, PMN were suspended in KRP ( lo6 celIs/mL) with [I-'"]-glucose [18 KBq/mL (0.5 pCi/mL)] at the concentrations indicated in Table 4 , and I rnmoI/L rnethylene blue. Incubation at 37*C for 1 h was performed in sealed tubes with a central well containing filter paper impregnated with 100 p L of hyamine-hydroxide. At the end of the incubation period, 0.5 m L of HISO, (2 moljL) was added to stop the reaction and to release "C02 from the solution. The tubes were subsequently shaken for 30 min. The fdter paper was removed and placed in viaIs filled with a toluene-based scintillation fluid, and radioactivity was determined in a tncarb spectrometer. 
